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Said isoxazole derivative which causes no phytotoxicity on useful crops such as corn, cotton, wheat and barley but 
can selectively simultaneously control gramineous weeds and broad-leaved weeds as a single herbicide at a low dos- 
age, and a herbicide containing the above isoxazole derivative as an active ingredient. 
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Description 

Technical Field 

The present invention relates to novel isoxazole derivatives and herbicides containing them as active ingredients. 
Background Art 

During the planting time of corn, etc., a triazine-based herbicide such as atrazine and acid anilide-based herbicides 
such as alachlor and methlachlor have been conventionally used. However, atrazine shows low efficacy to gramineous 
weeds, and on the other hand, alachlor and methalachlor show low efficacy to broad-leaved weeds. It is therefore diffi- 
cult at present to control gramineous weeds and broad-leaved weeds together simultaneously with a single herbicide. 
Further, even a mixture of these herbicides produces no sufficient herbicidal efficacy, and these herbicides are undesir- 
able in view of an environmental problem due to their high dosage requirement 

On the other hand, during the planting time of cotton, trifluralin, a dinitroaniline-based herbicide, fluometuron, a 
urea-based herbicide and norf lurazon, a pyridazine-based herbicide have been used as an agent for soil treatment. Fur- 
ther, during the planting time of wheat or barley, urea-based herbicides such as isoproturon and chlorotoluron have 
been used for controlling gramineous weeds in particular. However, these herbicides are also environmentally undesir- 
able due to their high dosage requirement. 

It is known that specific isoxazole derivatives have herbicidal activity (JP-A-5-255284, W094/18179). 

Compound 2 disclosed in W094/1 81 79, a typical example of the isoxazole derivatives disclosed in the above pub- 
lications, has the following structural formula. 




Concerning a compound having a thiochroman ring and having herbicidal activity, compounds in which a thiochro- 
man ring and a pyrazole ring bond to each other are known as pyrazole derivatives, and International Laid-open Patent 
Publication W093/1 8031 of PCT application filed by Applicant discloses, for example, a compound (Compound No. 68) 
of the following formula. 




Further, the following recent laid-open publications disclose herbicide compositions having structures closer to the 
isoxazole derivatives of the present invention. That is, EP95/0636622A1 (JP-A-7- 149742) discloses isoxazole deriva- 
tives having a structure in which an isoxazole group and a benzo-condensed type bicyclic group bond to each other and 
having herbicidal activity, and it descrfoes as a specific example of the bicyclic group, a thiochroman ring which is part 
of the skeleton of the compounds of the present invention. However, the above publication describes no specific "Exam- 
ple" concerning the compound having a thiochroman ring. It discloses compounds having a benzo-condensed type 
bicyclic group structurally similar to a thiochroman ring, for example, a compound (Compound No. 25) of the following 
formula. 
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However, the compounds disclosed in the above publication show practically insufficient efficacy as herbicides. 

It is therefore an object of the present invention to provide a novel isoxazole derivative which causes no phytotox- 
icity on useful crops such as corn, cotton, wheat and barley but can selectively simultaneously control gramineous 
weeds and broad-leaved weeds as a single herbicide at a low dosage, and a herbicide containing the above isoxazole 
derivative as an active ingredient. 

Disclosure of the Invention 

The first essence of the present invention resides in an isoxazole derivative of the general formula (I), 




en 



wherein: 

R 1 is a C r C 6 alkyl group or Qj-Cg cydoalkyl group, 

R 2 is a hydrogen atom or a C^C 4 alkoxycarbonyl group, 

each of R 3 - R 6 is independently a hydrogen atom or a C^C A alkyl group, 

n is an integer of 0, 1 or 2, 

X is a hydrogen atom or a ~C 4 alkyl group, 

Y is a hydrogen atom, a C^C 4 alkyl group or a halogen atom, and 

Z is a group of 



or 

(a) 



in which each of R 7 and R 8 is independently a hydrogen atom, a C^C 4 alkyl group or a C 1 -C 4 alkoxy group, pro- 
vided that when R 7 and/or R 8 are/is C^C 4 alkyl group(s) or C^C 4 alkoxy group(s). 1 to 9 halogen atoms may be 
substituted on carbon atoms of the substituents, that when the number of carbon atoms of each substituent is 
C 2 ~C 4 , each substituent may have an unsaturated bond, and that when both R 7 and R 8 are C-j ~C 4 alkyl groups or 
C<i~C4 alkoxy groups, a combination of these substituents may be a 3- to 7-membered ring in which carbon atoms 
of the substituents bond to each other, and R 9 is an oxygen atom, a sulfur atom or a C^C 4 afkoxyimino group, pro- 
vided that when R 9 is a C-i ~C 4 alkoxyimino group, 1 to 9 halogen atoms may be substituted on carbon atoms of the 
substituent and that when the number of carbon atoms of the substituent is C 2 ~C 4 , the substituent may have an 
unsaturated bond (the above isoxazole derivative to be sometimes referred to as "isoxazole derivative (I) of the 
present invention" hereinafter). 
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The second essence of the present invention resides in an isoxazole derivative of the general formula (la), 

O 



R 3 



>^R 4 




(la) 



wherein: 

R 1 is a C r C 6 alkyl group or C 3 -C 6 cycloalkyl group, 

R 2 is a h/drogen atom or a C^-C^ alkoxycarbonyl group, 

each of R 3 ~ R 6 is independently a hydrogen atom or a C^C 4 alkyl group, 

n is an integer of 0, 1 or 2, 

X 1 is a Ci~C 4 alkyl group, 

Y 1 is a C^C 4 alkyl group or a halogen atom, and 

Z is a group of 



(a) (b) 



in which each of R 7 and R 8 is independently a hydrogen atom, a G|~C4 alkyl group or a alkoxy group, pro- 

vided that when R 7 and/or R 8 are/is C<\~G 4 alkyl group(s) or Ci~C 4 alkoxy group(s), one to 9 halogen atoms may 
be substituted on carbon atoms of the substituents, that when the number of carbon atoms of each substituerrt is 
C 2 ~C 4 , each substituerrt may have an unsaturated bond, and that when both R 7 and R 8 are C^C 4 alkyl groups or 
Ci~C 4 alkoxy groups, a combination of these substituents may be a 3- to 7-membered ring in which carbon atoms 
of the substituents bond to each other, and R 9 is an oxygen atom, a sulfur atom or a C*\~G 4 alkoxyimino group, pro- 
vided that when R 9 is a Ci~C 4 alkoxyimino group, one to 9 halogen atoms may be substituted on carbon atoms of 
the substituent and that when the number of carbon atoms of the substituerrt is C2~C 4 , the substituerrt may have 
an unsaturated bond. 

The third essence of the present invention resides in an isoxazole derivative of the general formula (lb), 




(ib) 



wherein: 

R 1 is a (VC 6 alkyl group or a C 3 -C 6 cycloalkyl group, 

R 2 is a hydrogen atom or a C-1--C4 alkoxycarbonyl group, 

each of R 3 ~ R 6 is independently a hydrogen atom or a C^C 4 alkyl group, 

n is an integer of 0, 1 or 2, 

X is a hydrogen atom or a C,~C 4 alkyl group, 

Y is a hydrogen atom, a C,~C 4 alkyl group or a halogen atom, and 

R 10 is a Ci~C 4 alkyl group provided that one to 9 halogen atoms may be substituted on carbon atoms of the sub- 
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stituent and that when the number of carbon atoms of the substituent is C 2 ~C 4 , the substituent may have an 
unsaturated bond. 

The fourth essence of the present invention resides in a herbicide containing the above isoxazole derivative as an 
active ingredient (to be sometimes referred to as "herbicide of the present invention" hereinafter). 

Best Mode for Carrying Out the invention 

The isoxazole derivative of the present invention has the following general formula (I). 




(I) 



In the above general formula (I), R 1 is a C r C 6 alkyl group or a C 3 -C 6 cycloalkyl group. The C r C 6 alkyl group 
includes methyl, ethyl, propyl, butyl, pentyl and hexyl. The propyl, butyl, pentyl and hexyl may be linear or branched. A 
0-1-04 alkyl group is preferred, methyl, ethyl or i-propyl is more preferred, and methyl is particularly preferred. The C 3 - 
C 6 cycloalkyl group includes cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, and cyclopropyl is preferred. 

R 2 is a hydrogen atom or a 0^04 alkoxycarbonyl group. The 0^04 alkoxycarbonyl group includes methoxycarb- 
onyl, ethoxycarbonyl, propoxycarbonyl and butoxycarbonyl. The alkyl chain each of the propoxycarbonyl and the butox- 
ycarbonyl may be linear or branched. R 2 is preferably a hydrogen atom. 

X is a hydrogen atom or a 0^4 alkyl group. The 0^04 alkyl group includes those as described in the above R 1 . 
X is preferably a hydrogen atom. 

Y is a hydrogen atom, a 0^04 alkyl group or a halogen atom. The C^C 4 alkyl group includes those described 
concerning the above X. The halogen atom includes fluorine, chlorine, bromine and iodine. Y is preferably hydrogen 
atom, methyl, fluorine or chlorine, particularly preferably hydrogen atom, methyl or chlorine. 

Each of R 3 , R 4 , R 5 and R 6 is independently a hydrogen atom or a C-,-04 alkyl group. The 0^04 alkyl group 
includes those described concerning the above X. Preferred is a hydrogen atom or methyl. 

n is the number of oxygen atom bonding to the sulfur atom, and it is an integer of 0, 1 or 2. When n = 0, a sulf ide is 
represented. When n = 1 , a sulfoxide is represented. When n = 2, a sulfone is represented, n is preferably 2 (sulfbne). 

Z is a group of 

B 7 - ft 

( a ) ( b) 



In the above formula (a), each of R 7 and R 8 is independently a hydrogen atom, a 0^04 alkyl group or a 0-1-04 
alkoxy group. The 0^04 alkyl group includes those described concerning the above X. When R 7 and/or R 8 are/is alkyl, 
one ~ 9 hydrogen atoms on the carbon chain may be arbitrarily replaced by halogen atoms, and specific examples of 
the substituted alkyl include -CH 2 F, -CHF 2 . -CF 3 , CH 2 CI, -CCCI 3 , -CH 2 Br, -CH 2 I. -CH 2 CH 2 F, -CH 2 CF 3 , -CF 2 CH 3 , - 
CF 2 CHF 2 , -C 2 F 5 , -CH 2 CH 2 CI, -CH 2 CCI 3 . -CCI 2 CH 3 , -C 2 CI 5 , -CF(CH 3 ) 2 , -CH(CF 3 )CH 3i -CH(CF 3 ) 2 , -CCI(CH 3 ) 2 , - 
CH(CCI 3 ) 2 , -CH 2 CH 2 CH 2 F, -CH 2 CH 2 CF 3 , -C^F?, -01^01^0^01, -CHCICH 2 CH 3 , -CH 2 CH 2 CH 2 CH 2 F, - 
CH 2 CH 2 CH 2 CH 2 CI, -CHCCHgJCHgCHgCI, -CHCCFaJCgHg, -CF(CH 3 )C 2 H 5 and -C 4 F 9 . Preferred are -CHF 2 , -CF 3 , - 
CCI 3 , -CH 2 CH 2 F, -CH 2 CF 3 , -C 2 F 5 and -CF(CH 3 ) 2 . Further, when R 7 and/or R 8 is a C 2 ~C 4 alkyl group, adjacent carbon 
atoms of the substituent may have a double bond or a triple bond. Specific examples of the C 2 ~C 4 alkyl group having 
a double or triple bond include -CH=CH 2 , -CH-CH, -CfCH^^CH^ -CH=C(CH 3 ) 2 , -CH 2 CH=CH 2 , -CH(CH 3 )CH=CH 2 
and -CH 2 C-CH. Preferred are -CH=CH 2 , -CH^CH, -C(CH 3 )=CH 2 . Further, when each of R 7 and R 8 is independently 
a C-i ~C 4 alkyl group at the same time, an arbitrary carbon atom of R 7 and an arbitrary carbon atom of R 8 may bond to 
each other to form a 3-membered to 7-membered ring. Specific examples of this ring include groups of 
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10 



15 



20 



40 



45 



50 



and preferred are groups of 



V7 



CH 3 

j o o 



The 0^04 alkoxy group includes methoxy, ethoxy, propoxy and butoxy. The alkyl chain each of the propoxy and 
the butoxy may be linear or branched. When R 7 and/or R 8 are/is a C^C 4 alkoxy group, one to 7 hydrogen atoms on 

25 the carbon chain thereof may be arbitrarily replaced by halogen atom(s). Specific examples of the substituted alkoxy 
group include -OCF 3 . -OCCI 3 . -OCH 2 CH 2 F, -OCH 2 CH 2 CI. -OCH 2 CH 2 Br, -OCH 2 CH2l. -OCH 2 CF 3 , -OCH 2 CCI 3 - 
OCF(CH 3 ) 2 , -OCH(CF 3 )CH 3 . -OCH(CF 3 ) 2 , OCH(CCI 3 ) 2 . -OCH 2 CH 2 CH 2 F. -OCH 2 CH 2 CF 3> -OCH 2 CF 2 CF 3 ' - 
OCH 2 CH 2 CH 2 CI. -OCH2CH 2 CH2CH 2 F f OCH 2 CH 2 CH2CH 2 CI, -OCH(CH 3 )CH 2 CH 2 CI and -OCHfCF^Hs. Preferred 
are -OCH 2 CH 2 F, -OCH 2 CH 2 CI, -OChfeCFs, -OCF(CH 3 ) 2 , -OCH(CF 3 )CH 3 and -OCH(CF 3 )2. -OCH 2 CH 2 F is more pre- 

30 ferred. 

Further, when R 7 and/or R 8 are/is C 2 ~C 4 alkoxy. adjacent carbon atoms of the substituent(s) may have a double 
bond or triple bond. Specific examples of the alkoxy include -OCH=CH 2 , -OC(CH 3 )=CH 2 , -OCH=C(CH 3 ) 2 - 
OCH 2 CH=:CH 2 , -OCH 2 C(CH 3 )=CH 2 , -OCH(CH 3 )CH=CH 2 and -OCH 2 OCH. Preferred are -OCHoCH=CHo and - 
OCH 2 C-CH. * 2 

35 Further, when each of R 7 and R 8 is independently a ~C 4 alkoxy group at the same time, an arbitrary carbon atom 
of R and an arbitrary carbon atom of R 8 may bond to each other to form a 5-membered to 7-membered ring. Specific 
examples of this ring include groups of 



,CH 3 CH, CH 3 CH 3 c H 

&J-™> I J o r . c . 0 > O-*" 

^ c nT ^c*° 



CH; 
CH 



and preferred are groups of 



55 



°C'° °r*° °-c-° 
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When Z is a group of (a) P preferred are a group in which R 8 is a hydrogen atom and R 7 is any one of methyl, ethyl, 
isopropyl, -CF 3 , -C 2 F 5 , -CF(CH 3 ) 2p -CH=CH 2 , -C(CH 3 )=CH 2 , methoxy, ethoxy. isopropoxy, -OCH 2 CH 2 F, - 
OCH 2 CH=CH 2 and -OCH 2 C^CH, a group in which R 7 and R 8 are the same substrtuents. i.e.. R 7 and R 8 are concur- 
rently methyl, -CF 3 or methoxy, and a group which is composed of identical R 7 and R 8 bonded to the carbon atom on 
the 4-position of the thiochroman ring and has a cyclopropane ring, cyclobutane ring, cyclopentane ring or 2,5-dioxolan 
structure. 

In the group (b) for Z, R 9 is an oxygen atom, a sulfur atom or a C^C 4 alkoxyimino group, and the C^-G^ alkoxy- 
imino group includes methoxyimino, ethoxyimino, propoxyimino and butoxyimino. The alkyl group each of the propoxy- 
imino and the butoxyimino may be linear or branched. When R 9 is a C n ~C 4 alkoxyimino group, one to 9 hydrogen atoms 
on the carbon chain thereof may be arbitrarily replaced by halogen atom(s). Specific examples of the substituted alkox- 
yimino include =NOCH 2 CH 2 F, =NOCH 2 CH 2 CI, =NOCH 2 CH 2 Br, =NOCH 2 CH 2 l, =NOCH 2 CF 3 , ==NOCH 2 CCI 3 , 
=NOCF(CH 3 ) 2 , =NOCH(CF 3 )CH 3 , =NOCH(CF 3 ) 2 , =NOCH(CCI 3 ) 2 , =NOCH 2 CH 2 CH 2 F, =i\IOCH 2 CH 2 CF 3 , 
=NOCH 2 CF 2 CF 3l =NOCH 2 CH 2 CH 2 CI, -NOCr4 2 CH 2 CH 2 CH 2 F, =NOCH 2 CH 2 CH 2 CH 2 CI, =NOCH(CH 3 )CH 2 CH 2 CI and 
=NOCH(CF 3 )C 2 H 5 . Preferred are =NOCH 2 CH 2 F, =NOCH 2 CH 2 CI, =NOCH 2 CF 3 , =NOCF(CH 3 ) 2 and =NOCH(CF 3 )CH 3 , 
and =NOCH 2 CH 2 F is more preferred. 

When R 9 is a C^C^ alkoxyimino group, adjacent carbon atoms of the substituent may have a double bond or triple 
bond. Specific examples of .the alkoxyimino group include =NOCH=CH 2 , =NOC(CH 3 )=CH 2 , =NOCH^C(CH 3 ) 2 , 
=NOCH 2 CH=CH 2 , =NOCH 2 C(CH 3 )=CH 2 , =NOCH(CH 3 )CH s =CH 2 and =NOCH 2 C=CH. Preferred are =NOCHoCH=CH^ 
and =NOCH 2 C^CH. 

When Z is a group (b). preferred is a group in which R 9 is an oxygen atom, methoxyimino, ethoxyimino, 
=NOCH 2 CH2F, =NOCH 2 CH=CH 2 or =NOCH 2 C-CH. 

The isoxazole derivative which is the second essence of the present invention is the compound represented by the 
formula (la). 




(la) 



In the formula (la), R 1 , R 2 , R 3 , R 4 , R 5 , R 6 . n and Z are as described in the general formula (I). 
In the formula (la), X 1 is C t - C 4 alkyl group, which is the same as descried concerning the group X in the above 
general formula (I). 

In the formula (la), Y 1 is C-, ~ C 4 alkyl group or halogen atom, both of which are the same as described concerning 
the group Y in the above general formula (I). 

The isoxazole derivative which is the third essence of the present invention is the compound represented by the 
formula (to). 




(Ib) 



In the formula (Ib), R 1 , R 2 ( R 3 , R 4 , R 5 , R 6 , n, X, Y are as descrtoed in the general formula (I). 
In the formula (Ib), the group corresponding to Z in the formula (I) is 
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wherein R is C-t ~C 4 alkyl group, which is the same as that described in X of the above general formula (I). In the 
group R 10 , carbon atom(s) in the substituent may be substituted by one to 9 halogen atom(s) ( and unsaturated bond 
10 may be formed when the carbon number is C 2 - C 4 . The specific examples of R 10 are the same as those described in 
R 7 or R 8 of the above general formula (I). 

The isoxazole derivative of the general formula (I) 



has an asymmetric carbon atom with regard to each of the substituents R 3 ,R 4 , R 5 and R 6 and can accordingly include 
various isomers. The isoxazole derivative of the present invention includes all of these isomers and mixtures of these. 

The isoxazole derivative of the general formula (I) in which 2 is a group (a), i.e.. the isoxazole derivative of the gen- 
eral formula (fc) 



30 



35 




( ic) 



has an asymmetric carbon atom with regard to each of the substituents R 7 and R 8 and can accordingly include various 
isomers. The isoxazole derivative of the present invention includes all of these isomers and mixtures of these. 

The isoxazole derivative of the general formula (I) in which Z is a group (b) and R 9 is a C A ~C 4 alkoxyimino group, 
40 i.e., the isoxazole derivative of the general formula (lb) 



20 



15 




(i) 



45 




( I b) 



50 



includes geometric isomers of the following general formulae (1b1) and (1 b2) with regard to the alkoxyimino group. The 
isoxazole derivative of the present invention includes one of these isomers or a mixture of these. 



55 
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The novel isoxazole derivative of the present invention can be produced according to a known method such as 
those disclosed in J P- A- 3-1 18374 and JP-A-6-271554. The following reaction scheme is one example. 

The process for the production of the compound of the general formula (I) in which R 2 is a hydrogen atom, i.e., a 
compound of the general formula (Id), will be explained in detail bellow. 



Reaction scheme 1 




(n) (id) 



wherein R 1 . R 3 , R 4 , R 5 . R 6 , X, Y. Z and n are as defined in the general formula (l) ( and Q is a C^C 4 alkoxy group 
or a Ci-04 dialkylamino group. 

The above reaction scheme 1 shows the production of an isoxazole derivative of the general formula (Id), provided 
by the present invention, by a method in which 2-dialkylaminomethylidene derivative of the general formula (II) (in which 
Q is dialkylamino) or 2-alkoxymethylidene derivative of the general formula (II) (in which Q is alkoxy) is reacted with a 
hydroxyamine salt in a solvent such as ethanol or acetonitrile optionally in the presence of a base such as triethylamine 
or sodium acetate at a temperature in the range of from room temperature to the reflux temperature of the solvent. The 
isoxazole derivative of the above general formula (Id) is limited to the isoxazole derivative of the general formula (I) in 
which R 2 is hydrogen. 

After the completion of the reaction, according to a conventional method, the isoxazole derivative of the present 
invention, synthesized by the above method, is isolated by distilling off the solvent, dissolving the residue in a solvent 
such as methylene chloride, washing the resultant solution with water, drying the organic layer over a dehydrating agent 
such as anhydrous sodium sulfate and distilling off the solvent under reduced pressure. Further, the so-obtained resi- 
due may be purified by means such as flash column chromatography (Wakogel C300 (trade name):hexane/ethyl ace- 
tate = 2:1). 

2-Dialkylaminomethylidene derivative or 2-alkylmethylidene derivative of the general formula (II) which is the start- 
ing material in Reaction scheme 1 can be produced according to the Reaction scheme 2. 



Reaction scheme 2 




(VII) cm 



wherein R 1 , R 3 , R 4 , R 5 , R 6 f x, Y t Z and n are as defined in the general formula (I), Hal is a halogen atom and Q 
is a C^-Ci alkoxy group or a C^C 4 dialkylamino group. 

The above Reaction scheme 2 shows the production of 2-alkoxymethylidene derivative (II) (in which Q is alkoxy) by 



9 
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a method in which a 1,3<Jiketone derivative of the general formula (VII) is reacted with an orthoester such as triethyl 
orthoformate in an acid catalyst such as acetic anhydride at the reflux temperature of a reaction mixture or the produc- 
tion of 2-dimethylaminomethylidene (II) (in which Q is dialkyiamino) by a method in which 1.3<liketone derivative of the 
general formula (VII) is reacted with an amideacetal such as N.N-dimethylfbrmamidedimethylacetal in an inert solvent 
such as dioxane at a temperature in the range of from room temperature to the reflux terrperature of the solvent. The 
so-obtained 2-alkoxymethylidene derivative (II) or 2-dimelhylaminomethylidene derivative (II) can be used for the syn- 
thesis of the isoxazole derivative without their purification. 

The method of producing the isoxazole derivative of the general formula (I) in which R 2 is C^C 4 alkoxycarbonyl, 
i.e., an isoxazole derivative of the general formula (le), will be explained below. 



Reaction scheme 3 




<VO ( Ie ) 



wherein R 1 , R 3 , R 4 , R 5 , R 6 , X, Y, Z and n are as defined in the general formula (0. R is a C^C* alkyl group and 
Hal is a halogen atom. 

Reaction scheme 3 shows the production of the isoxazole derivative of the general formula (le), provided by the 
present invention, by a method in which 1 ,3-diketone derivative of the general formula (VII) is reacted with a compound 
represented by ROOCC(Hal)=NOH in an inert solvent such as dichloromethane or acetonitrile in the presence of a 
base such as magnesium ethoxide at a temperature in the range of from room temperature to the reflux temperature of 
a reaction mixture. The isoxazole derivative of the above general formula (le) is limited to the isoxazole derivative of the 
general formula (I) in which R 2 is a C^-C^ alkoxycarbonyl group. 

The 1 ,3-diketone derivative of the general formula (VII) which is the starting material in Reaction scheme 3 can be 
produced according to Reaction scheme 4 or 5. 



Reaction scheme 4 

O O 




wherein R 1 , R 3 , R 4 , R 5 , R 6 , X, Y, Z and n are as defined in the general formula (I) and Hal is a halogen atom. 
Reaction scheme 4 shows the production of the 1,3<Jiketone derivative of the general formula (VII) by a method 
including a first step of reacting a carboxylic acid of the general formula (III) with a halogenating agent such as thionyl 
chloride, oxalyl chloride or phosphorus oxychloride to form carboxylic acid halide of the general formula (IV), a second 
step of reacting the compound of the general formula (IV) with tert-butylacyl acetate of the general formula (VI) in an 
inert solvent such as tetrahydrofuran or diethyl ether in the same manner as in the presence of a base such as sodium 
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methoxide or magnesium ethoxide at a temperature in the range of from room temperature to the reflux temperature of 
the solvent, to form a tert-butyldiketo acetate of the general formula (V), and a third step of decarboxylating the com- 
pound of the general formula (V) in the presence of an acid catalyst such as 4-toluenesulfonic acid. 



Reaction scheme 5 




Cm') (vn) 



wherein R 1 , R 3 , R 4 , R 5 . R 6 , X. Y, Z and n are as defined in the general formula (I) and R is a C^C 4 alkyi group. 

Reaction scheme 5 shows the production of 1,3-diketone derivative of the general formula (VII) by a method in 
which carboxylic acid ester derivative of the general formula (III*) is reacted with R 1 COCH3 in an ether solvent such as 
tetrahydrofuran or diethyl ether in the presence of a base such as sodium hydroxide or sodium tert-butoxide at a tem- 
perature in the range of from 0°C to the reflux temperature of a reaction mixture. 

The carboxylic acid ester derivative of the general formula (III*) can he produced, for example, by reacting a corre- 
sponding carboxylic acid of the general formula (III) with an alcohol represented by ROH (R is ~ C 4 alkyl) in the pres- 
ence of a dehydrating agent such as sulfuric acid at a temperature in the range of from room temperature to the reflux 
temperature of a reaction mixture according to the following Reaction scheme 6. 



Reaction scheme 6 



HQ 2 C 




OH) . CUT) . 



wherein R 3 , R 4 , R 5 , R 6 . X, Y, Z and n are as defined in the general formula (I) and R is a C^C 4 alkyl group. 
The carboxylic acid derivative of the general formula (III) and its carboxylic acid ester derivative of the general for- 
mula (MO can be produced by a variety of methods (such as those disclosed, e.g., in WO93/18031, W094/1431 and 
WO95/4054). 

For example, the above derivatives are specifically produced as follows. 
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a) Synthesis of carboxylic acid of the general formul a din in which Z is a group fa) in which R* is a C- ^C;, afkoxv group 
and R 5 is a hydrogen atom 





(ffl a) 



wherein R 3 , R 4 , R 5 , R 6 , R 10 p X, Y and n are as defined in the general formula (I) or the general formula (lb) and 
Hal is a halogen atom. 

The above method of producing carboxylic acid (ilia) is disclosed in WO93/18031 . 
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b) Synthesis of carboxylic acid of the general for mula ( lin in which Z is a group (h\ in which f£ is a C 1= C ± alkoxy grou p 




H0 2 C 




H0 2 < 



Oxidizing 
agait 



(b m) 




wherein R 3 , R 4 , R 5 . R 6 , R 10 , X, Y and n are as defined in the general formula (I) or the general formula (lb) and 
Hal is a halogen atom. 

The above method of producing carboxylic acid (1Kb) is disclosed in W093/1 431 . 
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c) Synthesis of carboxylic acid of the general formu la ( W D in which 2 is a group fa) in which each nf rZ «nH rS ;q a hydro, 
gen aXQO) or a Qy^Q^Hsd 



10 



15 



20 



25 



30 



R 3 

k R R ■ 




Step ( i ) 




Cc iii) 



R* R 4 

H0 VS: 0 e H cciv) 

R 7 R 8 R R 



Step ( 2 ) 



* R 7 R?i3 




(c v) 



Step C 3 ) |_|^| 
Halogenatlon V 



* R 7 R?,3 




(c vi) 



,as ? R w R R 3 

Step (4) H0 2 C r lX? R 4 

Y R 
(lllc,n«0) 



35 



X R 7 R 8 D 3 



step < 5 > H °2 C y^W^^r 4 
Oxidation ^^S^f? 5 



Y On 1 
(IIIc,n«*l or 2) 



45 



50 



55 



wherein R 3 , R 4 P R 5 P r 6 , r?, rS, X( y and n are as defined in the general formula (I), L is a halogen atom or an 
OH group and Hal is a halogen atom. 

The above method of producing carboxylic acid (lite) is disclosed in WO95/04054. and the carboxylic acid (lllc) can 
be produced, for example, according to the above method. 

Each step of the above method will be explained in detail below. 

In addition, thiophenol of the general formula (ci) as a starting materia! can be prepared by a known method (e.g.. 
"Shm-Jtkken Kagaku Koza 14, Syntheses and Reactions of Organic Compounds, III, page 1.704. chap. 8.1. Thiols, f 
Synthesis through dithiocarbonate ester", Maruzen, issued Feb. 22, 1986). 

Thiochroman derivative of the general formula (cv) can be produced by a method through any one steps (1) and 
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Step (1) 

A case where the compound of the general formula (cv) is an allvl halide (L is a halogen atom) : 

The thiochroman derivative of the general formula (cv) is produced as follows. A thiophenol (ci) and an allyl halide 
of the general formula (cii) are reacted with each other in an inert solvent such as acetone, diethyl ether or dimethylfor- 
mamide in the presence of a base such as anhydrous potassium carbonate, sodium hydroxide, potassium hydroxide, 
anhydrous sodium carbonate or triethylamine at a temperature in the range of from 0°C to the reflux temperature of the 
solvent, to obtain a sulfide derivative of the general formula (cm), and further, the sulfide derivative is allowed to react in 
the presence of polyphosphoric acid, phosphorus pentoxide or an ion-exchange membrane (e.g., Amberlite (trade 
name)). In this method, R 4 is limited to a hydrogen atom. 

A case where the compound of the general formula (cifl is an allvl alcohol (L is an OH group) : 

The thiochroman derivative of the general formula (cv) is produced in one reaction step by condensing a thiophenol 
(ci) and an allyl alcohol of the general formula (cii) in the presence of an acid catalyst such as formic acid. The formic 
acid as an acid catalyst may be used as a solvent as well, while other solvent may be used. The solvent is not specially 
limited. The reaction temperature is properly set in the range of from room temperature to the reflux temperature of the 
solvent. 

Step (2) 

The thiochroman derivative of the general formula (cv) is produced by condensing a thiophenol of the general for- 
mula (ci) and an alcohol of the general formula (civ) in the presence of an acid catalyst such as formic acid. The formic 
acid as an acid catalyst may be used as a solvent as well, while other solvent may be used. The solvent is not specially 
limited if it is inert to the reaction. The reaction temperature is properly set in the range of from room temperature to the 
reflux temperature off the solvent. 

Step (3) 

A thiochroman derivative of the general formula (cvi) is produced by reacting a compound of the general formula 
(cv) with a halogenating reagent such as bromine, sulfuryl chloride or chlorine in a solvent such as methylene chloride, 
chloroform or carbon tetrachloride at a temperature in the range of from 0°C to the reflux temperature of the solvent. 

Step (4) 

The carboxylic acid of the general formula (cvii) (in the general formula (lllc), n=0, sulfide compound) is produced 
as follows. The thiochroman derivative of the general formula (cvi) is reacted with magnesium in an ether solvent such 
as tetrahydrofuran or diethyl ether in the copresence of iodine, methyl iodate or ethyl bromide at a temperature in the 
range of from 0°C to the reflux temperature of the solvent, to obtain a Grignard reagent, and the Grignard reagent is 
reacted with carbon dioxide (CO2). 

Step (5) 

A carboxylic acid of the general formula (lllc) is produced by reacting the carboxylic acid of the general formula 
(cviQ (in the general formula (lllc), n=0, sulfide compound) with an oxidizing agent such as hydrogen peroxide, peracetic 
acid, sodium periodate or m-chloroperbenzoate in a solvent such as acetic acid, water, methanol or methylene chloride 
at a temperature in the range of from -20°C to the reflux temperature of the solvent. For producing a sulfoxide com- 
pound (in the formula (lllc), n=1), preferably. 1 equivalent of the oxidizing agent is used. For producing a sulfone com- 
pound (in the formula (lllc). n=2), at least 2 equivalents of the oxidizing agent is used. 

A carboxylic acid of the general formula (lllc) in which Y is a hydrogen atom, i.e., a carboxylic acid (illc H ), is pro- 
duced by reducing 8-chloro-thiochroman derivative (Hlc C |) obtained by the method mentioned below, in a solvent such 
as ethanol having a water content of 60 % in the presence of a zinc powder. The reaction smoothly proceeds by adding 
a base such as sodium hydroxide or potassium hydroxide in an amount of at least 1 equivalent. This method is also dis- 
closed in WO95/04054. 
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(mca) (mc H ) 



d) Synthesis of carbaxvlic acid of the general formula fill) in which 2 is a group (brt in which is an oxygen atom 




Y Y 



(div) (dv) 




(IIId,n-0) (IIId,n-l or 2) 



wherein R 3 , R 4 , R 5 , R 6 , X, Y and n are as defined in the general formula (I), Hal is a halogen atom and R is a 
Cj-^alkyl group. 

In the above reaction scheme, phenylthiopropionic acid derivative of the general formula (dii) can be synthesized 
by a method in which p-thiosalicylic acid derivative (di) is bonded to a 3-halopropionic acid compound (dii) or to an 
acrylic acid compound (diii) or by a method in which a 3-mercaptopropionic acid compound (dvi) is reacted with p- 
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nitrobenzoic acid derivative (div) or with p-halobenzoic acid acid compound (diii) or by a method in which a 3-mercap- 
topropionic acid compound (dvi) is reacted with p-nitrobenzoic acid derivative (div) or with p-halobenzoic acid derivative 
(dv). 

The above-obtained phenylthiopropionic acid derivative (dvii) is condensed and cyclized in the presence of a dehy- 
drating agent such as polyphosphoric acid, to give a carboxyiic acid ester of the general formula (II I'd) in which n = 0. 
This compound is properly oxidized by the same method as that in step (5) in the above reaction scheme (c), to give a 
caitoxylic acid ester of the general formula (ill'd) in which n=1 or 2. Further, the each ester is hydrolyzed according to 
a conventional method to give a carboxyiic acid of the general formula (I lid). 

A carboxyiic acid of the general formula (Hid) in which Y is a hydrogen atom is obtained, for example, by catalytically 
reducing and hydrogenating the cartx>xylic acid derivative in which Y is a chlorine atom in the presence of a catalyst 
under the current of hydrogen gas. 



X 



o 




RO 




•R 4 

-R 5 



Reduced 



■R 4 
■R 5 



(ffl'dci) 



(HTd H ) 
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e) Derivati on of compounds having various substituente as Z from carboxvtic acid of the general formula (Hid) as raw 
material 



10 



15 



20 



25 



30 



35 




wherein R 3 , R 4 , R 5 , R 6 , R 10 , X. Y and n are as defined in the general formula (I) and the general formula (lb) and 
R is a C|~C4 alkyl group. 

Various thiochroman carboxylic acids and/or their esters of the above general formulae (Hle1), (Iire2) and (Ill'e3) 
can be derived from the carboxylic acid of the general formula (Hid). Each derivation method is as follows. 

1. Steofl) 

Thiochroman-4-thione derivative of the general formula (lllel) is obtained by heating a combination of the carbox- 
ylic acid of the general formula (Hid) with a sulfating agent such as disphosphorus pentasulf ide or a Lawesson's reagent 
in an inert solvent. 

2. Step (2) 

Thiochroman-4,4-dialkoxy derivative of the general formula (Iire2) is obtained by heating a combination of the car- 
boxylic acid ester of the general formula (lll'd) with a corresponding alcohol in an inert solvent in the presence of a Lewis 
acid such as p-toluenesulfonic acid or titanium tetrachloride. When the alcohol is selected from alkylene diols such as 
ethylene glycol, the reaction proceeds relatively smoothly. In the 4.4-dialkoxy compound formed in the case, two sub- 
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stituents (R) in the general formula (lire) have a cyclized form in which the two alkyl substituents bond to each other. 
3. Step (3) 

Thiochroman-4-alkyl-4-alkoxy compound of the general formula (Ill'e3) is obtained by reacting the carbcxylic acid 
ester compound of the general formula (lll'd) with alkyl magnesium halide (R-Mg-Hal) to obtain a 4-alkyl-4-hydroxy com- 
pound as an intermediate, and etherifying this compound, for example, by the method described in the above reaction 
scheme (a). 

4 r Other? 

The carboxylic acid ester compound of the general formula (lll'a) can be derived from the carboxylic acid ester com- 
pound of the general formula (lird) by the same method as that described in the above reaction scheme (a). 

Further, the carboxylic acid of the general formula (I I lb) can be derived from the carboxylic acid of the general for- 
mula (Hid) by the same method as that in the above reaction scheme (b). 

The herbicide of the present invention contains, as an active ingredient, the isoxazole derivative of the general for- 
mula (I) provided by the present invention. The isoxazole derivative of the present invention is mixed with a liquid carrier 
such as a solvent or a solid carrier such as a mineral fine powder, and the mixture can be prepared into the form of a 
wettable powder, an emulsif iable concentrate, a dust, granules, or the like. For imparting the preparation with emulsrfi- 
abiiity, dispersibility ad spreadability, a surfactant can be added. 

When the herbicide of the present invention is used in the form of a wettable powder, generally, a composition is 
prepared by mixing 10 to 55 % by weight of the isoxazole derivative of the present invention, 40 to 88 % by weight of a 
solid carrier and 2 to 5 % by weight of a surfactant, and the composition can be used as a wettable powder. Further, 
when it is used in the form of an emulsif iable concentrate, generally, it can be prepared by mixing 20 to 50 % by weight 
of the isoxazole derivative of the present invention, 35 to 75 % by weight of a solvent and 5 to 1 5% by weight of a sur- 
factant. 

On the other hand, when herbicide of the present invention is used in the form of a dust, generally, it can be pre- 
pared by mixing 1 to 1 5 % by weight of the isoxazole derivative of the present invention, 80 to 97 % by weight of a solid 
carrier and a 2 to 5 % by weight of a surfactant. Further, when it is used in the form of granules, it can be prepared by 
mixing 1 to 15 % by weight of the isoxazole derivative of the present invention, 80 to 97 % by weight of a solid carrier 
and 2 to 5 % by weight of a surfactant. The above solid carrier can be selected from mineral fine powders, and the min- 
eral fine powders include oxides such as diatomaceous earth and slaked lime, phosphates such as apatite, sulfates 
such as gypsum, and silicates such as talc, pyroferrite, clay, kaolin, bentonite. acid clay, white carbon, powdered quartz 
and powdered silica. 

The solvent is selected from organic solvents. Specific examples of the solvent include aromatic hydrocarbons 
such as benzene, toluene and xylene, chlorinated hydrocarbons such as o-chlorotoluene, trichloromethane and trichlo- 
roethylene, alcohols such as cydohexanol, amyl alcohol and ethylene glycol, ketones such as isophorone, cyclohex- 
anone and cyclohexenyl-cydohexanone, ethers such as butyl cellosolve. diethyl ether and methyl ethyl ether, esters 
such as isopropyl acetate, benzyl acetate and methyl phthalate, amides such as dimethylformamide, and mixtures of 
these. 

Further, the surfactant can be selected from anionic, nonionic, cationic and amphoteric ones (amino acid and 
betaine). 

The herbicide of the present invention may contain, as active ingredients, other herbicidally active component in 
combination with the isoxazole derivative of the general formula (I) as required. The "other" herbicidally active compo- 
nent can be selected from phenoxy-, diphenyl ether-, triazine-, urea-, carbamate-, thiocarbamate-, acid anilide-, pyra- 
zole-, phosphoric acid-, sulfonylurea- and oxadiazone-based herbicides as required. 

Further, the herbicide of the present invention may be used as a mixture with any one of insecticides, bactericides, 
plant growth regulators and fertilizers. 

Examples 

The present invention will be specifically explained with reference to Referential Preparation Examples of carboxy- 
lic acid (Ml) and starting material (II) and Examples of the isoxazole derivative of the present invention, while the present 
invention shall not be limited thereto. 
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A. Referential Preparation Examples of carboxvlic acid filled Referential Preparation Example 1 : 
Synthesis of 4.4.5. 8-tetramethvlthiochroman-1.1-dioxide-6-carboxvlic acid 
(1-1) Synthesis of 4.4.5.8-tetramethvlthiochroman 

20 ml of formic acid and 0.95 g (0.01 1 mol) of 3-methyl-2-buten-1 -ol were added to 1 .79 g (0.01 mol) of 2,5<Jirneth- 
ylthiophenol. and the mixture was ref luxed under heat for 7 hours. The reaction mixture was poured into ice water and 
extracted with ethyl acetate, and then the organic layer was washed with a saturated sodium hydrogencarbonate aque- 
ous solution. The resultant product was dried over anhydrous sodium sulfate, the solvent was distilled off, and the 
resultant oil was purified by silica gel column chromatography to give 0.95 g (yield 46 %) of the subject end product. 

1 H-NMR (ppm. solvent: CDCI 3 , internal standard: tetramethylsilane): 1 .40 (6H,s), 1 .95 - 2 15 (2H m) 2 20 (3H s) 
2.50 (3H.s), 2.80- 3.10 (2H,m), 6.80(2H,dd) ' 

(1-2) Synthesis Of 4,4,5.8-tetramQthvt-6-bromothiochroman 

100 ml of methylene chloride was added to 13.2 g (0.064 mol) of 4,4,5,8-tetramethylthiochroman, 10.2 g (0.064 
mol) of bromine was dropwise added at room temperature, and then the mixture was allowed to react for 2 hours. After 
the completion of the reaction, 70 ml of a 2 % sodium hydrogensulf ite aqueous solution was added to the reaction mix- 
ture to remove excessive bromine, and the organic layer was washed with a saturated sodium hydrogencarbonate 
aqueous solution and then with a saturated sodium chloride aqueous solution, and dried over anhydrous sodium sul- 
fate. The solvent was distilled off under reduced pressure, and the resultant oil was purified by silica gel column chro- 
matography to give 1 .59 g (yield 87 %) of the subject end product. 

1 H-NMR (ppm, solvent: CDCI 3 , internal standard: tetramethylsilane): 1.45 (6H,s), 1.90 ~ 2 10 (2H m) 2 20 (3H s) 
2.50 (3H.s), 2.80- 3.00 (2H,m), 7.20(1 H,s) ' * ■ 

(1-3) Synthesis of 4. 4.5.8-tetramethvlthiochroman-6-carboxvlic acid 

2.9 g (0.12 mol) of magnesium was dispersed in 100 ml of THF (tetrahydrofuran), and 7.4 g (0.068 mol) of ethyl 
bromide was dropwise added. The mixture was ref luxed for 10 minutes, and a solution of 9.7 g (0.034 mol) of 4,4,5.8- 
tetramethyl-6-bromothiochroman in THF was gradually added at room temperature. The reaction mixture was refluxed 
for 3 hours and then cooled to 10°C, and carbon dioxide gas was bubbled for 1 hour. A 5 % hydrochloric acid aqueous 
solution was added to the reaction mixture, and the aqueous layer was removed. The organic layer was extracted with 
a 5 % potassium carbonate aqueous solution, and adjusted to a pH of 1 by adding 5 % hydrochloric acid, and a formed 
solid was recovered by filtration to give 7.4 g (yield 88 %) of the subject end product. 

1 H-NMR (ppm, solvent: CDCI 3 , internal standard: tetramethylsilane): 1.50 (6H,m), 1.90-2.10 (2H m) 2 25 (3H s) 
2.70 (3H.s), 2.90 - 3.10 (2H,m), 7.55(1 H,s) ' 

(1-4) Synthesis of 4.4.5.8-tetrame thvlthiochroman-1.1-dioxide-6-carboxviic acid 

5 ml of acetic acid was added to 5 g (0.02 mol) of 4,4,5,8-tetramethyrthiochrorran-6-carbaxylic acid, further, 6.9 g 
(0.06 mol) of a 30 % hydrogen peroxide aqueous solution was added, and the mixture was refluxed at 80°C for 2 hours. 
To the reaction mixture was added 50 ml of a 2 % sodium hydrogensurfite aqueous solution, and a solid precipitate was 
recovered by filtration to give 5.1 g (yield 90 %) of the subject end product. 

1 H-NMR (ppm, solvent: CDCI 3 , internal standard: tetramethylsilane): 1.60 (6H,s), 2.25 - 2 50 (2H m) 2 65 (3H s) 
2.75 (3H,s), 3.30 - 3.50 (2H.m), 7.55(1 H.s) ' ' 

P, Referential Preparation Example Of Starting Material fin Referential Pr e paration Eram pte 9- 
Synthesis of Compound (V) from Carboxvlic Acid fill) 

(2-1) 3 ml of thionyl chloride was added to 2.77 g of 4-methQxy-5,8-dimethylthiochroman-1,1-dioxide-6-carboxylic 
acid corresponding to carboxylic acid (Ilia), which had been prepared in advance by a known method, and the mix- 
ture was refluxed under heat for 30 minutes. After the reaction, excessive thionyl chloride was distilled off under 
reduced pressure. To the remaining oil was added 1 0 ml of THF, to give a solution of carboxylic acid chloride in THF. 
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On the other hand, a THF solution containing 2.0 g of tert-butyl 3-cyclopropyl-3-oxopropionate and 1 .24 g of mag- 
nesium ethoxide was prepared, and the solution was refluxed under heat for 2 hours. To the resultant mixture was 
added the above solution of carboxylic acid chloride in THF, and the mixture was further refluxed under heat for 3 
hours. After the reaction, the THF was distilled off under reduced pressure, ethyl acetate was added, and the mix- 
ture was washed with a 5 % hydrochloric acid aqueous solution and then with a saturated sodium chloride aqueous 
solution. The organic layer was dried over anhydrous sodium sulfate, and the solvent was distilled off under 
reduced pressure to give 4.4 g of tert-butyl 3-cyclopropyl-2-(4-methoxy-5,8<limethylthiochroman-1 , 1 <lioxide-6-car- 
bonyl)-3-Qxopropionate (Compound No. V-1) in the form of a crude brown glass-like substance. 

(2-2) Compound No. V-2 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1) was replaced with 4 I 4,5,8-tetramethylthiochroman-1,l-dioxide-6-carboxylic acid corre- 
sponding to carboxylic acid (lllc), which had been prepared in Referential Preparation Exarrple 1 , and that the dike- 
tone compound was replaced with tert-butyl 3-oxobutanoic acid. 

(2-3) Compound No. V-3 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1) was replaced with 4 ( 4,5 t 8-tetramethylthiochroman-1,lKlioxide-6-carboxylic acid corre- 
sponding to carboxylic acid (lllc), which had been prepared in Referential Preparation Example 1. 

(2-4) Compound No. V-4 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1) was replaced with 4-methoxy-5-methylthiochroman-1,lKlioxide-6-carbaxylic acid corre- 
sponding to carboxylic acid (Ilia), which had been prepared in advance according to a known method. 

(2-5) Compound No. V-5 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1) was replaced with 4-methoxy-5-methyl-8-chlorothiochroman-1 ,1 -dioxide-6-carboxylic acid. 

(2-6) Compound No. V-6 was obtained in the same manner as in the above (2-1) except for the following The car- 
boxylic add used in the above (2-1) was replaced with 1 .50 g of 4-methoxyimino-5-methylthiochroman-1 , 1-dioxide- 
6-carboxyltc acid, and 0.46 ml of thionyl chloride was added to a suspension containing this carboxylic acid and 4 5 
ml of dichloroethane. The mixture was allowed to react at 50°C for 3.5 hours. After the reaction, the solvent and 
excessive thionyl chloride were distilled off under reduced pressure, and 4 ml of THF was added to the residue to 
give a THF solution of carboxylic acid chloride. 

(2-7) Compound No. V-7 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-methoxyimino-5,8<iimethylthiochroman-1 , 1 -dioxide-6-carboxylic acid. 

(2-8) Compound No. V-8 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-methoxyimino-5,8<limethylthiochroman-6-carboxylic acid. 

(2-9) Compound No. V-9 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 

used in the above (2-6) was replaced with 4-propargyloxyimino-5,8-dimethylthiochroman-1 i 1<iioxide-6-carboxvlic 
acid. 1 



(2-10) Compound No. V-10 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-allyloxyimino-5,8KJimethylthiochroman-1 f 1-dioxide-6-carbQxylic acid. 

(2-1 1) Compound No. V-1 1 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-(2-f luoroethoxy)imino-5,8-dimethylthiochroman-1J -dioxide-6-carbox- 
ylic acid. 

(2-12) Compound No. V-12 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-(2-fluoroethoxy)-5,8-dimethylthiochroman-1.1<jioxide-6-carboxylic 
acid. 



(2-13) Compound No. V-1 3 was obtained in the same manner as in the above (2-6) except that the carboxylic acid 
used in the above (2-6) was replaced with 4-allyloxy-5.8-dimethylthiochroman-1 .1-dioxide-6-carboxylic acid. 

(2-14) Compound No. V-14 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1) was replaced with 3,3,5-trimethylthiochroman^-one-1,1<Jiaxide-6-carboxylic acid. 
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(2-15) Compound No. V-15 was obtained in the same manner as in the above (2-1) except that the carboxylic acid 
used in the above (2-1 ) was replaced with S.S.S.S-tetramethylthiochroman^-one-l ,1 -dioxide-6-carboxylic acid. 

Table 1 shows the structural formulae of the compounds obtained in the above (2-1) to (2-15). 



Table 1-(1) 



Compound No. 


Structural Formula 
of Compound 


V-1 


O O CH3OCH3 


V-2 


0 0 CH3CH3CH3 

CH 3 0 2 


V-3 


0 O CH 3 CH3,CH 3 
Bu^^O 

CH 3 °2 


V-4 


O O CH3OCH3 


V-5 


O O CHgOCHg 

Bu'O^O 0 
CI °2 


V-6 


O O CH 3 NOCH3 


V-7 


0 0 CH 3 NOCH3 

Bu'CT^O n 
CH 3 ° 2 
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Table l-(2) 



Compound No. 


Structural Formula 
of Compound 


V-8 


O O CH 3 NOCH3 

B"tO^O I*^ S 
CH 3 


V-9 


O 

O O CH3N V ^ 

B u tO^O X^S^ 
CH 3 °2 


V-10 


CH3O2 


V-11 


O O CH« NI'^^'P 

^B"to^^^ 

CH302 


V-12 


O O CH-tO'^^-'^ 
CH 3 O2 


V-13 


O O QW^O^^" 

^BuC^Cd^ 

CH 3 °2 


V-14 


O O CH3O 

o 2 
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Table l-(3) 



Conpound. No. 


Structural Formula 
of Compound 


V-15 


O 0 CH 3 O 
CH 3 °2 



Referential Preparation Example 3-A: 

Synthesis of diketone intermediate (VII) from Compound (V) 

(3-1) A mixture containing 4.3 g of tert-butyl 3-cyclopropyl-2-(4-methoxy-5,8<iimetty^ 

carbonyl)-3-oxopropionate (Compound No. V-1) synthesized in the above (2-1), 0.20 g of 4-toluenesulfonic acid 
and 40 ml of toluene was refluxed under heat for 3 hours. The reaction mixture was cooled, and then ethyl acetate 
was added. The mixture was dried over sodium carbonate and then filtered. The filtrate was subjected to evapora- 
tion under reduced pressure to remove the solvent and the resultant residue was purified by flash column chroma- 
tography (Wakogel C-300: hexane/ethyl acetate = 2:1) to give 2.63 g of 1 -cyclopropyi-3-(4-methoxy-5,8- 
dimethylthiochroman-1 , 1-dioxide-6-yl)propan-1 ,3-dione (Compound No. VI 1-1) in the form of a white glass-like sub- 
stance. 

(3-2) ~ (3-15) Compounds Nos. VI 1-2 ~ VII-15 were obtained in the same manner as in the above (3-1) except that 
the starting material in the (3-1) was replaced with Compounds Nos. V-2 - V-15 obtained in the above (2-2) ~ (2- 



Table 2 shows structural formulae and NMR data of the Compounds VII-2 ~ VII-15 obtained in the above (3-1) ~ 
(3-15). 
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Table 2-(l) 





Structural Fbnrula 
of Ocnpound 


f H NMR(CDCt 3 ) 




CH 3 °2 


6 0.9-1, 3(4H.m), 1.6-1.8(1 H,m), 
2.4(3H,s),2.6~2.6(2H,m) l 

3.5(3H.s),3.7-4.0(1H,m), 
4.4-4. 6(1H f t) ( 5. 8(1 H,s), 
7.3(1 H,m). 


W-2 


d, °2 


6 1.6(6H,s),2.2(3H,s), 
2.2-2.4(2H,m),2.6(3H,s) l 
2.6(3H,s),3.3-3.5(2H,m), 
5.7(1H,s),7.3(1H,s). 


TB-3 


O O CH 3 CH 3 CH, 
CH, °2 


6 0.9-1.4(4H,m).1.57(6H,s), 
1.6-1. 8(1 H t m).2.0-2.4(2H l m). 
2.6(3H.s),2.8(3H.s), 
3.3-3.5(2H,m),5.8(1H.s), 
7.1{1H.s). 


\B-4 


O O CH 3 OCH 3 

o 2 


6 1.2-1.5(4H f m),2.4(3H,s), 
2.5-2.8(3H l m) t 3.1 -3.3(1 H.m), 
3.5(3H,s),3.6-3.8(1H.m), 
4.5-4.6(1 H.s).7.5(1 H.d ( J=8Hz), 
7.3(1 H,d.J=8Hz). 8.2(1 H,s). 


W-5 


O 0 CH 3 OCH3 

a °2 




HH-6 


ft 0 ?H3 NOCH3 


6 0.9-1 .3(4H.m),1 .6-1 .9(1 H,m), 

2.6(3H f s), 3.3-3. 4(4H,m), 

4.1(3H t s),5.9(1H ( S) f 

7.5(1 H ( d f J=8Hz) t 7.9(1 H,d,J=8Hz). 


vn-7 


O O CH 3 NOCH3 
CH 3 °2 


6 0.9-1.3(4H,m),1 .6-1.9(1 H.m). 
2.5(3H,S),2.7(3H,s) ( 
3.3-3.4(4H i m),4.0(3H I s), 
5.8(1 H,8) a 7.2(1H.s). 
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Table 2-(2) 





Structural Fbrnula 
of OLinxml 


*H NMR(CDCI 3 ) 


WB 


O O CHaNOCHo 
CH 3 


60.9-1 .3(4H.m),1 .5-1 .9(1 H.m). 
2.3(3H.S)»2.6(3H,S) 
2.8-3.0(2H,m),3.0-3.2(2H,m) 4 
4.0(3H.S).5.9{1H,S) ( 
7.2(1 H,s). 


\H-9 


O 0 CH 3 H U ^ 

CH3O2 


60.9-1 .3(4H ( m),1 .4-1 .8(1 H,m), 

f\ M ^\ #^ t J - % A/All d»l 

2.4-2.5(1 H,m) t 2.6(3H,s) 
2.7{3H,S),3.4(4H,S) , 
4.8(2H,d,J=2Hz).5.8(1 H,s), 
7.3(1 H,s). 


VI-10 


O O CH 3 N' Us ^ 
CH3O2 


6 0.9-1 .3(4H.m),1.6-1 .9(1 H.m), 
2.5(3H,S),2.7(3H ( s), 
3.4(4H.S),4.7(2H,d,J=5.4Hz) ( 
5.2-5.4(2H f m),5.8(1 H.s), 
5.8-6.1 (1H,m) ( 7.3(1H ( s). 


W-11 


O O CH 3 N U "-^F 
CH 3 °2 


6 0.9-1 .3(4H,m),1.4-1.8(1H B m), 
2.5(3H,s).2.7(3H 1 s) l 
3.4(4H,s).4.2-4.5(2H,m), 
4.5-4.7(1 H,m),4.8-5.0(1 H.m), 
5.8(1 H,S),7.3(1H,s). 


TBt-12 


O O CH 3 O x ^ F 
CH 3 02 


6 1 .0-1 .3(4H.m),1 .6-1 .9(1 H.m). 
2.4(3H i s) f 2.4-2.8(2H.m). 
2.7(3H.s) ,3.1-3.4(1 H.m). 
3.5-4.1 (3H,m) I 4.3(1H.t,J=4Hz) t 
4.7(1 H,br),4.8(1 H.t p J=4Hz) ( 
5.8(1 H,S) ,7.3(1 H.S). 


W-13 


O O CH 3 0 
CH 3 02 


6 0.9-1 .3(4H i m),1 .6-1 ^(IH.m). 
2.4(on l S) t 2.3-Z.B(3M,m), 
Z7(3H.s) .3.1 -3.4(1 H.m), 

3.7- 4.3(3H,m).4.7(lH,br), 
5.1-5.5(2H,m),5.B(1H,s). 

5.8- 6.3(1 H t m)J.3{t H.s). 


YS-14 


O 0 CH 3 0 
0 2 


6 0.9-1 .4(4H,m).1 .5(6H,s), 
1 .6-1.9(1 H ( m),2.5(3H l S) l 
3.5(2H.S) ,5.9(1 H.s), 
7.7(1H.d.J=8Hz) ( 7.9(1Hrf.J=:8Hz). 
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Table 2- (3) 





" Structural Fhrmifft 

of acnpxaxi 


*H NMR(CDCI 3 ) 


VMS 


o o CH 3 o 
CH 3 °2 


5 0.9-1 .4(4H,m). 1 .45(6H.S), 
1.6-1 .9(1 H,m) ( 2.44(3H,s) ( 
2.73(3H.S) t 3.51(2H i s) ) 
5.84(1 H # s),7.43(1 H f s). 



Referential Preparation Example 3-B: 

Synthesis of diketone intermediate (VII) from carboxvlic acid ester derivative (II Q 

(3-16) A tetrahydrofuran solution containing 1 .00 g of ethyl 4,4-dioxyethyiene-5 ( 8^dimethylthiochroman-1 , 1 -dioxide- 
6-carboxylate and 0.49 g of cyclopropyl methyl ketone was dropwise added to a suspension of sodium hydride 
(0.26 g of 60 % sodium hydride in oil) in tetrahydrofuran under reflux under heat. After the completion of the addi- 
tion, the mixture was stirred under reflux under heat for 3 hours. Further. 0.26 g of 60 % sodium hydride in oil was 
added, and the mixture was stirred under reflux under heat for 6 hours. Then, the reaction mixture was cooled to 
room temperature, water was gradually added, and a 5 % hydrochloric acid aqueous solution was added to adjust 
the mixture to a pH of 1 . The mixture was extracted with ethyl acetate, and the extract was washed with a saturated 
sodium hydrogencarbonate aqueous solution and then with a saturated sodium chloride aqueous solution and 
dried over anhydrous sodium sulfate. The resultant product was filtered, and then the solvent was distilled off under 
reduced pressure. The residue was purified by flash column chromatography (silica gel; hexane/ethyl acetate = 1 2) 
to give 0.70 g of 3-cyclopropyl-1-(4.4<lioxyethylene-5^ 3-dione 
(Compound No VI 1-1 6) in the form of a white solid. 

(3-17) A tetrahydrofuran solution containing 1.80 g of ethyl 4 ( 4^ioxyethylene-5 ( 8Hjime%Jthioc)hroman-6-carboxy- 
late and 0.99 g of cyclopropyl methyl ketone was dropwise added to a suspension of sodium hydride (0.52 g of 60 
% sodium hydride in oil) in tetrahydrofuran under reflux under heat. After the completion of the addition the mixture 
was stirred under reflux under heat for 6 hours. Further. 0.52 g of 60 % sodium hydride in oil was added, and the 
mixture was stirred under reflux under heat for 3 hours. Then, the reaction mixture was cooled to room temperature 
water was gradually added, and a 5 % hydrochloric acid aqueous solution was added to acfiust the mixture to a pH 
of 1 . The mixture was extracted with ethyl acetate, and the extract was washed with a saturated sodium hydrogen- 
carbonate aqueous solution and then with a saturated sodium chloride aqueous solution and dried over anhydrous 
sodium sulfate. The resultant product was filtered, and then the solvent was distilled off under reduced pressure. 
The residue was purified by flash column chromatography (silica gel; hexane/ethyl acetate = 3:1) to give 0.63 g of 
3-cyclopropyl-1-(4,4-dioxyethyte (Compound No. VII-17) in the 

form of a yellow oil. 

Table 3 shows structural formulae and NMR data of the compounds obtained in the above (3-1 6) - (3-1 7). 
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Table 3 



QGrc^nd 


Structural Rarnula 
of Oonpound 


———7 

*H NMR(CDCI 3 ) 




CH 3 °2 


6 0.8-1 . 3(4H.m),1. 6-1 .9(1 H ( m), 
2.40(3H 1 s) f 2.4-2.7(2H ( m), 

4.1-4.4(4H,m),5.79(1 H,s), 
7.29(1 H,S). 


■-17 


CH 3 


6 0.9-1 .3(4H.m),1 .M .9(1 H.m), 
2.1-2.3(2H.m).2.23(3H ( s), 
Z43(3H,s),2.9-3,1 (2H,m). 
4.1-4.3(4H l m) l 5.82(1H,s) ( - 
7.11(1H,s). 



Referential Preparation Example 4: 

Synthesis Of Starting material fin from diketone intermediate rvih 

(4-1) 2.63 g of the 1-cyclopropyl-3-(4-methoxy-5,8-<limethylthiochroman-1 ,1-dioxide-6-yl)propane-1,3-dione (Com- 
pound No. VIM ) synthesized in the above (3-1 ) and 1 .60 ml of dimethyfformamide were added to 1 5 ml of dioxane, 
and the mixture was stirred at room temperature for 4 days. After the reaction, the solvent was distilled off to give 
2.84 g of 3-cyclopropy1-2-(dimethylamm^^ 
1 ,3<lione (Compound No. 11-1) in the form of an orange solid. 

(4-2) ~ (4-1 7) Compounds Nos. II-2 - 11-1 7 were obtained in the same manner as in the above (4-1) except that the 
diketone intermediate used in the (4-1) was replaced with Compounds Nos. VII-2 ~ VIM 7 obtained in the above 
(3-2) ~ (3-17). 

Table 4 shows structural formulae and NMR data of the compounds obtained in the above (4-1) ~ (4-17). 
The compounds obtained in the above (4-1) ~ (4-1 7) were used for the synthesis of isoxazole derivatives (I) of the 
present invention without purification. 
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Table 4-(l) 



Compound No. 


Structural Formula 
of Compound 


n-i 


0 O CH3OCH3 

AAAA 

1 CH 3 °z 


n-2 


0 O CH 3 CH3,CH 3 

1 CH 3 O z 


n-3 


0 O CH3CH3CH3 


n-4 


0 0 CH30CH3 

1 o 2 




0 0 CH30CH3 


n-6 


0 O CH 3 NOCH3 

A A A A 

1 o 2 


n-7 


0 0 CH3NOCH3 ' 



29 



EP 0 810 227 A1 



Table 4-(2) 



Compound No. 


Structural Formula 
of Compound 




O O CH 3 NOCH 3 


n-8 


IN 1 O 

' CH 3 




O ^ 

O O CH 3 N 


II - 9 


1 CH 3 °2 




O O CH 3 N ,0v/ ^ 

II tl I II 


1-1 0 


N S 
1 CH 3 °2 




O O CH 3 N* 0v -^T 


n-i i 

• 


1 CH 3 °2 




O O CH 3 0"^^ F 


n-i 2 


1 CH 3 0 2 




O O CH 3 


n-i 3 


1 CH 3 °2 


n-i 4 


0 O CH 3 0 

1 0 2 
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Table 4-(3) 



Compound No. 


Structural Formula 
of Compound 


TT , i- 

n-i 5 


' CH3O2 


TT i c- 

11 — l 6 


' CH 3 0 2 


1-1 7 


' CH 3 

— ■ — 



30 



C. Preparation E xample of Isoxazole Derivative (I) 
Preparation Example 1 

35 

1.60 g of the crude 3-cyclopropyl-2-(dmethyte 
ide-6-yl)propane-1 ,3<Jione (Compound No. 11-1) synthesized in the above (4-1) and 0.32 g of hydroxylamine hydrochlo- 
ride were added to ethanol, and the mixture was stirred at room temperature overnight. After the reaction, the solvent 
was distilled off. and the residue was dissolved in methylene chloride. The resultant solution was washed with water, 
40 and an organic layer was dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure! 
and the residue was purified by flash column chromatography (Wakogel C-300 ; hexane/ethyl acetate = 2 : 1 ) to give 1 .30 
g of 5-cyclopropyl-4-(4-methoxy-5 t 8-dimethylthiochroman-1 ,1-dioxide-6-carbonyl) isoxazole (Compound No. 1) in the 
form of a white glass-like substance, which was the intended isoxazole derivative included in the general formula (I). 

45 Preparation Examples 2-17 



Compounds Nos. 2-17 were obtained in the same manner as in Preparation Example 1 except that the starting 
material used in Preparation Example 1 was replaced with Compounds Nos. II-2 ~ 11-1 7 synthesized in the above (4-2) 
~ (4-17). 

Table 5 shows the structural formulae of Compounds Nos. 1 ~ 17 obtained in Preparation Examples 1-17. Table 
6 shows the NMR data, IR data and melting points of Compounds 1-17. 
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Table 5-(l) 



5 


Rneyai. dt.i cti 
Efcanple Nb. 


Diinetoylandnoroethy-- 
lidene derivative (II) 


Conpound No. 


isoxazole 
derivative (I) 


Yield 
(%) 


10 


1 


O O CH 3 OCHa 

N S^S^ 
' CH 3 °2 


1 


v CH3O2 


78 


15 




1 CH 3 0 2 


2 


n ^jT I! Jl J 

3 CH 3 O2 


71 


20 








O CH3CH3CH3 




25 


3 


1 CH 3 °2 


3 


V CH 3 O2 


31 










O Cn 3 OCH3 




30 


4 


1 o 2 


4 


V o 2 


70 






O 0 CH 3 OCH3 




O CHq OCHq 




35 


5 


' CI °2 


5 


V CI °* 


Do 


40 


6 


0 O CHq NOCH* 

1 o 2 


6 


V o 2 


45 


45 




O 0 CH 3 NOCH3 




O CH 3 NOCH 3 






7 


' CH 3 ° 2 


7 


V CH 3 ° 2 


69 



so 
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Table 5- (2) 



Referential 
Preparation 
EKanple No. 


Diinethylaminoniethy- 
lidene derivative (II) 


Compound No. 


Isaxazole 
derivative (I) 


Yield 
(%) 


8 


O O CH 3 NOCH 3 
11 fi 1 II 


8 


O CH 3 NOCH 3 
^ CH 3 


48 


9 


0 O Cl-U N 

1 CH 3 °2 


9 


O CH 3 N 

n^tVVS 

V 7 CH 3 °2 


88 


10 


O O CH 3 N*°^^ 
» CH 3 °2 


10 


O CH 3 N 0 ^ 5 ^ 
CH 3 ° 2 


40 


11 


O O CH 3 N 0 *-^F 
1 CH 3 °2 


11 


O CH 3 N*°"^F 
" CH 3 °2 


77 


12 


0 O CH 3 0^^ F 
11 11 i i 

1 CH 3 °2 


12 


O CH 3 0'"^ F 
CH 3 °2 


100 


13 


O O CH 3 
it ti t i 

1 CH 3 °2 


13 


O CH 3 O"^* 
CH 3 °2 


64 


14 


O O CH 3 O 

1 o 2 


14 


0 CH30 


48 
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Table 5-(3) 



-> 

ReTettntial 
Preparation 
Bcanple Nb. 


Diroet^lamliiqmethy- 
lidene derivative (II) 


Oompound Kb. 


Isoxazole 
derivative (I) 


Yield 
(%) 


15 


O 0 ch 3 o 

' CH 3 °2 


15 


O CH3O 
CH 3 °2 


81 




0 O CH 3 

1 CH 3 0 2 


16 


O CH 3 
^CH 3 °2 


47 


17 . 


O O CH 3 

1 CH 3 


17 


O CH 3 0 
^ CH 3 


86 
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Table 6-(1) 



uompouna no. 


'H NMR (ppm) Internal Standard : 


IR (cm -1 ) 


Melting point (°C) 




Tetramethylsilane Solvent : CDCI3 




1 


8 1.2-1.4(4H,mJ i 2.34(3H l m), 


2960 


Glass-like suh^tanrp 




2.5-2.7(3H,m),2.76(3H,s), 


1680 






3.1-3.4(1 H.m),3.47(3H,s). 


1300 






3.6-4.1 (1H,m)4.53(1H,m) 


1140 






7.23(1 H,s),8.1 7(1 H,s). 






2 


5 1.58(6H,s) l 2.3-2.5(2H,m). 


2960 


r^lACC-MU'A ci ihetanra 




2.46(3H i s),2.60(3H ( s) i 


2670 






2.79(3H,s),3.3-3.5(2H,m), 


1300 






7.03(1 H,s).8.22(1 H,s). 


1 140 




3 


8 1.2-1.4(4H l m) ( 1.56(6H,s) l 


2960 






2.3-2.5(2H,m),2.48(3H,s), 


1680 






2.5-2.7(1 H,m),2.79(3H,s), 


1290 






3.3-3.5(2H,m),7.07(1 H,s), 


1130 






8.15(1 H,s). 






4 


6 1 .2-1 .5(4H ml 2 39f3H &) 


9Q7n 


vjiass-uKe suusiance 




2.5-2.8(3H f m),3.1 -3.3(1 H.m), 


icon 
1 oou 






3.49(3H.s),3.6-3.8(1H,m), 


1300 






4.5-4.6(1 H,t),7.49(1 H,d, J=8.1 Hz), 


1140 






7.92(1 H,d,J=8.1 Hz),8.1 5(1 H,s). 






5 


8 1.2-1.5(4H l m).2.3(3H,s) ( 


2970 


Glass-like substance 




2.5-2.8(3H.m),3.1-3.3(1H.m), 


1580 






3.5(3H,s),3.7-4.1(1H,m), 


1330 






4.5(1 H I t).7.5(1H l s) l 


1140 






8.2(1 H ( s). 
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Table 6-(2) 



Compound No. 


1 H NMR (ppm) Internal Standard 


IR (cm" 1 ) 


Melting point (°C) 




: Tetramethylsilane Solvent : 






CDCI 3 






6 


6 1.2-1.4(4H,m),2.5-2.8(1H,m). 


2970 


Glass-like substance 




2.6(3H,s),3.4(4H ( br), 


1680 






4.1(3Hs),7.5(1H p d.J=8Hz), 


1330 






aO(H,d,J=8Hz),8.2(1 H,s). 


1140 




7 


6 1.2-1.4(4H.m) 2 4-2 8(1 H irrt 




Glass-like substance 




2.5(3H,s) ( 2.7(3H,s) ( 


1670 






3.3(4H l br),4.0(3H,s), 


i^pn 






7.2(1 Hs)8 2(1Hs} 


1 1 Cfi 
1 IOU 




8 


511-1 4(4H rrri 2 3(3H ^ 




00.2-00.2 




2.5(3H,s),2.4-2.7(1 H,m), 


1675 






2.8-3. Of 2H m) 3 0-3 2f2H rm 


IUDU 






4 0(3H s) 7 1(1 H s} 








8.3(1 H t s). 






9 


5 1 2-1 5(4H m) 2 5/3I-I <i> 




144.2-145.0 




2.4-2.7(2H,m).2.7(3H,s), 


1670 






3.4(3H,s),4.8(2H,d,J=3Hz). 


1320 






7.2(1 H,s),8.2(1H,8). 


1135 




10 


8 1.2-1.5(4H,m) ( 2.4(3H l s) I 


2940 


152.5-154.0 




2.4-2.7(1 H,m),2.7(3H,s) ( 


1675 






4.0(4H.s),4.7(2H,d,J=5Hz) f 


1320 






5.2-5.4(3H,m),5.8-6.3(1 H,m), 


1130 






7.2(1 H,s) l 8.2(1H,s). 
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Table 6-(3) 



Compound No. 


1 H NMR (ppm) Internal Standard : 


IR (cm" 1 ) 


Melting point (°C) 




Tetramethylsifane Solvent : CDCI3 




11 


8 1.2-1.5(4H,m),2.4(3H i s), 


9Q« 


1 *%ft 1-1 f\0 n 




2.4-2 8(1 Hm)2 7(3H si 


ift7 e ; 

1 Df v? 






3.4(4H,s),4.2-4.5(2H,m), 


1320 






4.5-4.7(1 H m) 4 8-5 0(1 H rri\ 


i i^n 

1 IOU 






7.2(1 Hs) 8 2(1 H si 






12 


5 1 2-1 5(4H 2 4(3H 




ON 1 '/** 




2 3-2 8(3H rrri 2 8(3H ^ 


1 Aon 






S.I-S^IH.mJ.S.e^.lfSH.m). 


1300 






4 3(1 HtU 7(1 H hrt 


l l4U 






4 8(1 H t W 3(1 Hq^9MMc\ 






13 


81 2-1 4(4M rrrt P 4/31-1 <^ 




02 -DO 




2 3-2 8(3H m) 2 8(3 H si 


1R7H 
ID/U 






3.1 -3.4(1 H ml 3 7-4 3(3H ml 


19QS 






4 7(11-1 hrt ^/9W m\ 


1 loU 






S 7-fi 9(1 H m\ 7 9/1 Ue\fi 9/1 U e\ 






14 




oUUU 


Glass-like substance 




2 4-2 7(1 H si 2 5(3H si 


171^ 






3.5(2H,s),7.6(1 H,d,J=8Hz) l 


1675 






7.8.0(1 H,d,J=8Hz) f 8.2(1 H.s). 


1325 








1135 




15 


51.2-1.6(4H.m) ( 1.5(6H.s) a 


3000 


124.2-131.2 




2.4(3H ( s),2.4-2.8(1H,m), 


1700 






2.8(3H,s),3.6(2H,s), 


1675 






7.4(1 H.s).8.2(1 H.s). 


1320 








1135 
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Table 6-(4) 



Compound No. 


1 H NMR (ppm) Internal Stand- 
ard : Tetramethylsilane Solvent 
: CDCI 3 


IR (cm" 1 ) 


Melting point (°C) 


16 


51.1-1.4(4H l m) > 2.3(3H l 8). 


2940 


157.1-159.0 




2.4-2.7(3H,m),2.7(3H,s) t 


1680 






3.4-3.7(2H.m),4.1-4.4(4H,m), 


1300 






7.2(1 H f s),8.2(1H,s). 


1120 




17 


S1.1-1.4(4H,m),2.3(3H ( s), 


2950 


138-141 




2.5(3H,s),2.4-2.8(1H,m), 


1680 






2.9-3.4(4H I m),7.2(1H,s), 


1660 






8.2(1 H,s). 







The heibicide of the present invention will be further explained specifically with reference to Herbicide Examples 
and Herbicide Comparative Examples hereinafter. 

Herbicide Examples a nd Herbicide Comparative Examples 

(1) Preparation of Herbicide 

97 Parts by weight of talc (trade name: ZeaWite) as a carrier, 1.5 parts by weight of alkylarylsulfonic acid (trade 
name: Neoplex. supplied by Kao-AtJas K.K.) as a surfactant and 1.5 parts by weight of a nonionic and anionic surfactant 
(trade name: Sorpol 800A, supplied by Toho Chemical Co., Ltd.) were uniformly pulverized and mixed to prepare a car- 
rier for a wettable powder. 

90 Parts by weight of the above carrier for a wettable powder and 10 parts by weight of one of the compounds of 
the of the present invention obtained in the above Preparation Examples 1 - 17 (or 10 parts by weight of one of the 
following compounds (A) and (B) for Comparative Examples) were uniformly pulverized and mixed to obtain a herbicide. 

The following compound (A) for Comparative Example is disclosed in WO93/18031, and the following compound 
(B) for Comparative Example is disclosed in EP95/0636622. The compounds (A) and (B) have the following structures 





(A) 



(B) 



The herbicidal efficacy and phytotoxicity to crops were shown on the basis of the following ratings. 
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(Ratings) 



JO 



15 



Herbicidal efficacy 


Ratio of remaining plant 
weight to non-treated 
(%) 


0 


81 -100 


1 


61 -80 


2,- 


41 -60 


3 


21 - 40 


4 


1 -20 


5 


0 



20 



25 



30 



Phytotoxicity to crops 


Ratio of remaining plant 
weight to non-treated 
(%) 




100 


± 


95-99 


+ 


90-94 


++ 


80-89 


+++ 


0-79 



35 



The above ratio of remaining plant weight to non-treated was determined on the basis of the ratio of remaining plant 
weight to non-treated = (remaining plant weight in treated plot/remaining plant weight in non-treated plot) x 1 00. 
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45 



(2) Soil treatment test on upland soil 1 

Seeds of weeds such as velvetieaf, pale smart weed, jimsonweed, smooth amaranth, black nightshade, barn- 
yardgrass and large crabgrass and seeds of corn and cotton were sown in 1/5,000-are Wagner pots filled with upland 
soil, and covered with upland soil. Then, a predetermined amount of the herbicide prepared in the above (1) was sus- 
pended in water and uniformly sprayed onto the soil surface. Thereafter, the seeds were grown in a greenhouse, and 
on 20th day after the treatment, the herbicide was evaluated for herbicidal efficacy and phytotoxicity to the crops. Table 
7 shows the results. 



50 
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Table 7 
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lo 




LO 


LO 


LO 


LO 


jimsonweed 


lo 


in 


LO 


LO 


LO 


LO 


pale smart weed 


m 




LO 


LO 


LO 


LO 


vehretleaf 


lo 


to 


LO 


LO 


LO 


LO 


O 

CP ^ fLi 
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Example 
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Comparative 
Example 1 
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The results in Table 7 show that the herbicide of the present invention can selectively control a broad range of 
upland weeds at a low dosage without causing any phytotoxicity on corn and cotton. Meanwhile, it is seen that the com- 
parative compound (A) is poor in the selectivity to cotton. 
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(3) Soil treatment test on upland soil 2 

Seeds of weeds such as velvetleaf, pale smart weed, jimsonweed, smooth amaranth, black nightshade, barn- 
yardgrass and large crabgrass and seeds of corn and cotton were sown in 1/5,000-are Wagner pots filled with upland 
soil, and covered with upland soil. Then, a predetermined amount of the herbicide prepared in the above (1) was sus- 
pended in water and uniformly sprayed onto the soil surface. Thereafter, the seeds were grown in a greenhouse, and 
on 20th day after the treatment, the herbicide was evaluated for herbicidal efficacy and phytotoxicity to the crops. Table 
8 shows the results. 
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The results in Table 8 show that the herbicide of the present invention can selectively control a broad range of 
upland weeds at a low dosage without causing any phytotoxicity on corn and cotton. Meanwhile, it is seen that the com- 
parative cortpound (B) is generally poor in the herbicidal efficacy, particularly poor in the herbicidal efficacy on pale 
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smart weed, jimsonweed, barnyardgrass and large crabgrass. 

(4) Soil treatment test on upland soil 3 (test with winter weeds) 

Seeds of weeds such as common chickweed, sentless chamomile, viola sp., persian speedwell, shepherdspurse, 
Wackgrass and wild oat and seeds of wheat and barley were sown in 1/5,000-are Wagner pots filled with upland soil, 
and covered with upland soil. Then, a predetermined amount of the herbicide prepared in the above (1 ) was suspended 
in water and uniformly sprayed onto the soil surface. Thereafter, the seeds were grown in a greenhouse, and on 20th 
day after the treatment, the herbicide was evaluated for herbicidal efficacy and phytotoxicity to the crops. Table 9 shows 
the results. 
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Table 9 
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The results in Table 9 show that the herbicide of the present invention can selectively control a broad range of win- 
ter upland weeds at a low dosage without causing any phytotoxicity on wheat and barley. Meanwhile, it is seen that the 
comparative compound (B) is generally poor in the herbicidal efficacy. 
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(5) Foliar treatment test on upland soil (test with winter weeds) 

Seeds of weeds such as common chickweed, sent! ess chamomile, viola sp., shepherdspurse, blackgrass and wild 
oat and seeds of wheat and barley were sown in 1/5,000-are Wagner pots filled with upland soil, and covered with 
upland soil. The seeds were grown in a greenhouse, and at the stage of 3 - 4 leaves of these plants, a predetermined 
amount of the herbicide prepared in the above (1) was suspended in water and uniformly sprayed onto leaf and stalk 
portions at a rate of 2,000 I/ha. Then, the plants were grown in the greenhouse, and on 30th day after the treatment, 
the herbicide was evaluated for herbicidal efficacy and phytotoxicity to the crops. Table 10 shows the results. 
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The results in Table 10 show that the herbicide of the present invention can selectively control a broad range of win- 
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ter upland weeds at a low dosage without causing any phytotoxicity on wheat and barley. Meanwhile, it is seen that the 
comparative compound (B) is generally poor in the herbicidal efficacy, particularly poor in the herbicidal efficacy on 
blackgrass and wild oat. 

According to the present invention, there are provided novel isoxazole derivatives and herbicides containing these 
as active ingredients, which can selectively control a broad range of upland soil weeds such as gramineous weeds and 
broad-leaved weeds without causing any phytotoxicity on useful crops such as corn and cotton. 

Claims 



1 . An isoxazole derivative of the general formula (I), 




(I) 



wherein: 

R 1 is a C r C 6 alkyl group or C 3 -C 6 cycloalkyl group, 

R 2 is a hydrogen atom or a Ci~C 4 aikoxycarbonyl group, 

each of R 3 ~ R 6 is independently a hydrogen atom or a C^C 4 alkyl group. 

n is an integer of 0, 1 or 2. 

X is a hydrogen atom or a C^C 4 alkyl group, 

Y is a hydrogen atom, a Cj~C 4 alkyl group or a halogen atom, and 

Z is a group of 



R 7 R 8 RP 
(a) (b) 



in which each of R 7 and R 8 is independently a hydrogen atom, a C^C 4 alkyl group or a alkoxy group 

provided that when R 7 and/or R 8 are/is C^0 4 alkyl group(s) or C^C 4 alkoxy group(s), one to 9 halogen 
atoms may be substituted on carbon atoms of the substituents, that when the number of carbon atoms of each 
substituent is C 2 ~C 4 , each substituent may have an unsaturated bond, and that when both R 7 and R 8 are 
Ci~C 4 alkyl groups or C^C 4 alkoxy groups, a combination of these substituents may be a 3- to 7-ment)ered 
ring in which carbon atoms of the substituents bond to each other, and R 9 is an oxygen atom, a sulfur atom or 
a (VC4 alkoxyimino group, provided that when R 9 is a d ~C 4 alkoxyimino group, one to 9 halogen atoms may 
be substituted on carbon atoms of the substituent and that when the number of carbon atoms of the substituent 
is C 2 ~C 4 , the substituent may have an unsaturated bond. 

2. The isoxazole derivative of Claim 1 , wherein X is a C-, ~C 4 alkyl group. 

3. The isoxazole derivative of Claim 2. wherein X is methyl. 

4. The isoxazole derivative of Claim 1 , wherein R 1 is cyclopropyl or methyl. 

5. The isoxazole derivative of Claim 1 , wherein R 2 is a hydrogen atom. 

6. The isoxazole derivative of Claim 1 , wherein both R 5 and R 6 are hydrogen atoms. 
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7. The isoxazole derivative of Claim 6, wherein both R 3 and R 4 are hydrogen atoms. 

8. The isoxazole derivative of Claim 6, wherein both R 3 and R 4 are methyl. 

9. The isoxazole derivative of Claim 1 , wherein n is 2. 

1 0- The isoxazole derivative of Claim 3, wherein Y is a hydrogen atom and Z is the group of (a). 

11. The isoxazole derivative of Claim 3, wherein Y is a hydrogen atom, z is the group of (b) and R 9 is an oxygen atom 
or a sulfur atom. 

12. The isoxazole derivative of Claim 1 , wherein the isoxazole derivative has the general formula (la), 



15 



20 




( I a) 



25 



30 



wherein: 

R 1 is a C-i-Cs alkyl group or C 3 -C 6 cycloalkyl group. 

R 2 is a hydrogen atom or a C 1 ~C 4 alkoxycarbonyl group, 

each of R 3 ~ R 6 is independently a hydrogen atom or a C 1 -C 4 alkyl group, 

n is an integer of 0, 1 or 2, 

X 1 is a C^-C^ alkyl group, 

Y 1 is a C|~C 4 alkyl group or a halogen atom, and 

Z is a group of 



35 



R 7 R 8 
(a) 



R 9 

II 

(b) 



40 



45 



50 



in which each of R 7 and R 8 is independently a hydrogen atom, a C 1 ~C 4 alkyl group or a C 1 ~C 4 alkoxy group, 
provided that when R 7 and/or R 8 are/is C-,~C 4 alkyl group(s) or C,~C 4 alkoxy group(s), one to 9 halogen 
atoms may be substituted on carbon atoms of the substituents, that when the number of carbon atoms of each 
substituent is C 2 ~C 4 , each substituent may have an unsaturated bond, and that when both R 7 and R 8 are 
alkyl groups or C 1 ~C 4 alkoxy groups, a combination of these substituents may be a 3- to 7-membered 
ring in which carbon atoms of the substituents bond to each other, and R 9 is an oxygen atom, a sulfur atom or 
a C 1 ~C 4 alkoxyimino group, provided that when R 9 is a C-j-^ alkoxyimino group, one to 9 halogen atoms may 
be substituted on carbon atoms of the substituent and that when the number of carbon atoms of the substituent 
is C 2 ~C 4 , the substituent may have an unsaturated bond. 

13, The isoxazole derivative of Claim 1 , wherein the isoxazole derivative has the general formula (lb), 
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5 




(lb) 



10 

wherein: 

R 1 is a C r C 6 alkyl groip or a C 3 -C 6 cycloalkyl group, 
R 2 is a hydrogen atom or a C^C 4 alkoxycarbonyl group, 
is each of R 3 ~ R 6 is independently a hydrogen atom or a C^O A alkyl group, 

n is an integer of 0, 1 or 2, 
X is a hydrogen atom or a C!~C 4 alkyl group, 
Y is a hydrogen atom, a O^Q 4 alkyl group or a halogen atom, and 

R 10 is a C-|~C 4 alkyl group provided that one to 9 halogen atoms may be substituted on carbon atoms of the 
20 substituent and that when the number of carbon atoms of the substituent is C 2 ~C 4 , the substituent may have 

an unsaturated bond. 

14. The isoxazole derivative of 

25 15. The isoxazole derivative of 

16. The isoxazole derivative of 

1 7. The isoxazole derivative of 

30 

18. The isoxazole derivative of 

19. The isoxazole derivative of 
35 20. The isoxazole derivative of 

21 . The isoxazole derivative of 

22. The isoxazole derivative of 

40 

23. The isoxazole derivative of 

24. The isoxazole derivative of 
45 25. The isoxazole derivative of 

26. The isoxazole derivative of 

27. The isoxazole derivative of 

50 

28. The isoxazole derivative of 
gen atom. 

29. The isoxazole derivative of Claim 12, wherein Z is the group of (a) and both R 7 and R 8 are C^-C^ alkoxy groups 
55 and form a cyclic acetal group while bonding to each other. 

30. The isoxazole derivative of Claim 1 2, wherein Z is the group of (b) and R 9 is an oxygen atom. 

31. A herbicide containing, as an active ingredient, the isoxazole derivative recited in any one of Claims 1 ~ 30. 



Claim 12, wherein X 1 is methyl. 

Claim 13. wherein X is a C-|~C 4 alkyl group. 

Claim 15, wherein X is methyl. 

Claim 12, wherein Y 1 is methyl. 

Claim 12, wherein Y 1 is a halogen atom. 

Claim 13, wherein Y is a hydrogen atom. 

Claim 13, wherein Y is methyl. 

Claim 12 or 13, wherein R 1 is cyclopropyl. 

Claim 12 or 13, wherein R 2 is a hydrogen atom. 

Claim 12 or 13, wherein both R 5 and R 6 are hydrogen atoms. 

Claim 23, wherein both R 3 and R 4 are hydrogen atoms. 

Claim 12. wherein both R 3 and R 4 are methyl. 

Claim 12 or 13, wherein n is 2. 

Claim 1 2, wherein Z is the group of (a), and both R 7 and R 8 are Ci~C 4 alkyl groups. 
Claim 1 2, wherein Z is the group of (a), R 7 is a C-, ~C 4 alkoxy group and R 8 is a hydro- 
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